Objective . Randomized trials showed that changes in healthcare organization improved diabetes care. This study aimed to identify which organizational determinants were associated with patient outcomes in routine diabetes care. Design . Observational study, in which multilevel regression analyses were applied to examine the impact of 12 organizational determinants on diabetes care as separate measures and as a composite score. Setting . Primary care practices in the Netherlands. Subjects . 11,751 patients with diabetes in 354 practices. Main outcome measures . Patients ' recorded glycated hemoglobin (HbA1c), systolic blood pressure, and serum cholesterol levels. Results . A higher score on the composite measure of organizational determinants was associated with better control of systolic blood pressure (p ϭ 0.017). No effects on HbA1C or cholesterol levels were found. Exploration of specifi c organizational factors found signifi cant impact of use of an electronic patient registry on HbA1c (OR ϭ 1.80, 95% CI 1.12 -2.88), availability of patient leafl ets on systolic blood pressure control (OR ϭ 2.59, 95% CI 1.06 -6.35), and number of hours ' nurse education on cholesterol control (OR ϭ 2.51, 95% CI 1.02 -6.15). Conclusion . In routine primary care, it was found that favorable healthcare organization was associated with a number of intermediate outcomes in diabetes care. This fi nding lends support to the fi ndings of trials on organizational changes in diabetes care. Notably, the composite measure of organizational determinants had most impact.
Introduction
Improving diabetes care has been on the agenda for several decades in many countries. In their systematic review of 142 trials, Tricco et al. examined the effects of various organizational changes on glycated hemoglobin (HbA1c), blood pressure, and serum cholesterol levels [1] . They identifi ed 12 target areas (Box 1) in three domains: the local healthcare system, the healthcare providers, and the patients. The results suggested that in particular the combination of intervention components targeting the health system and patient-mediated interventions contributed to better outcomes. Since the amount of different intervention components varied among the studies and the relationship between components was often not investigated, considerable uncertainty remained associated with these fi ndings. Similar
In this contribution, we focus on the impact of organizational determinants on (intermediate) patient outcomes in routine diabetes care for type 2 diabetic patients. In the Netherlands, this is largely provided in primary care. We aimed to identify organizational determinants of the following outcomes: HbA1c, blood pressure, and cholesterol levels. As the quality of diabetes care generally has improved over the last decades [7 -11] , we wondered whether organizational determinants identifi ed in trials had been implemented and whether they contributed to increased control in routine diabetes care in the Netherlands.
Several organizational determinants of highquality diabetes care could be associated with improved intermediate outcomes in routine diabetes care.
In this study, fi ndings from trials of organi-• zational change strategies could partly be replicated in routine daily practice. A composite measure composed of several • organizational determinants had more impact than organizational items separately. Box 1. Measures included in the study related to the target areas for improvement strategies. Since several studies suggested that a combination of determinants rather than individual determinants contribute most to quality improvement [1, 2] , we also examined the impact of a composite measure of organizational factors.
Material and methods

Research design and population
We analyzed electronic patient record data from 362 primary care practices that participated for the fi rst time in a Dutch Accreditation program between 2006 and 2009 (Box 2). These practices manually extracted information from a random sample of 40 medical records, using a structured protocol and data-extraction tool to ensure the selected sample was unbiased. Data were collected retrospectively during the preparatory phase of the accreditation process. The practice was instructed to select records on only those patients that were diagnosed with diabetes and had a general practitioner (GP) as main diabetes care provider. In effect, practices mainly included diabetes type 2 patients.
Measures
Our outcome measures were recorded HbA1c, systolic blood pressure, and total cholesterol values. Organizational determinants related to high-quality diabetes care, derived from a review of trials [1] , were linked to specifi c items from validated questionnaires [12] . GPs, other practice staff, patients, and trained observers fi lled in these questionnaires as part of the Dutch Accreditation program. We composed 12 measures, some with multiple items (see Box 1) , and their composite score (see Supplementary Appendix 1 available online at http://informahealthcare.com/doi/ abs/10.3109/02813432.2014.960252). Furthermore, we gathered data from these questionnaires on practice type, size and urbanization, the number of diabetes patients per 1000 patients, and the volume of GP per 1000 patients (expressed as a full-time equivalent, FTE). Patients ' age and gender were extracted from the patients ' medical record, as well as the year of data collection (2006/2007/2008/2009 ). Patients ' age was considered as a proxy for comorbidity.
Statistical analysis
We used means and percentages as appropriate to summarize patient and practice characteristics and establish whether determinants were implemented in our study population. Correlations of all measures (Pearson ' s correlation coeffi cient or Spearman ' s correlation coeffi cient as appropriate) were calculated to check for multicollinearity; the cut-off point for exclusion was set at r Ͼ 0.15. We performed separate multilevel regression analyses on each of the three outcome measures: HbA1c, total cholesterol, and systolic blood pressure in SPSS (version 20). We examined the effect of the composite score of the 12 determinants, while controlling for patient characteristics (age and gender) and practice characteristics (practice type, year of data collection). Other practice characteristics were not included in the model because of correlations above r ϭ 0.15 with practice type. In order to explore which underlying determinants of the composite score were related to outcomes, we repeated the multilevel regression analyses on each of the 12 determinants in Box 1 separately. As effects may be smaller in patient populations with higher baseline control [1] , we also performed logistic regression analyses while comparing the extremes, that is the practices that performed in the highest and lowest quartiles.
Results
Study population
Patients who were mainly under specialist care during the study period were excluded. Data on 11 751
Box 2. Dutch practice accreditation program for primary care practices.
Since 2005, primary care practices can voluntarily take part in a Dutch practice accreditation program. The preparatory phase consists of the collection of data on practice management and patient care. The measurement instruments used are previously validated questionnaires such as the " VIP " , a visitation instrument for practice organization, and the " Europep " that measures patient experiences [12, 13] . The questionnaires are fi lled in by general practitioners (GPs), nurses, and patients. There are also questionnaires for a trained observer who pre-audits the practice. Clinical performance is measured with the use of patient information that is extracted from electronic medical records; the GP or nurse extracts the information either automatically or manually with an extraction form.
When all data are collected and submitted through an online questionnaire system, the practice receives a report that includes information on its own performance and the performance of other practices as benchmarks. This information helps to identify which areas could be improved upon. The GPs then write improvement programs with a plan -do -study -act cycle. The fi rst audit is carried out after the approval of these plans to confi rm adequate participation and to grant accreditation. After this audit a three-year accreditation cycle starts. At the end of each year the practice staff evaluate whether the objectives of improvement programs are met and write new improvement programs for the following year. The prolongation of the accreditation depends on this process. Accreditation is not based on the actual quality of care itself but rather on the quality of the improvement initiatives according to a structured program. After three years, a new cycle starts with the data-collection phase. In our current study, we have excluded these repeated measurements; we have included only data from the fi rst cycle. diabetes patients from 354 practices remained (mean value of 33.2 patients per practice, minimally 10 patients per practice). The study population contained slightly more large practices in urban regions compared with the Dutch population ( Table I ). Practices that offer vocational training were overrepresented, as Notes: 1 Figures based on the Dutch population distinguish between solo, duo, and group practices. In our study there were also the options " part of health care center " , which can be either solo, duo, or group, and " other practice type " , which consists mostly of duo or group practices within a cooperation construction other than a health care center. 2 FTE ϭ Full-time equivalent. 3 A rural location is defi ned as less than 500 addresses per km 2 , semi-urban as between 500 and 1500 addresses per km 2 , and urban as more than 1500 addresses per km 2 . 4 NP ϭ nurse practitioner, FTE ϭ full-time equivalent.
it was already known that the accreditation program would become mandatory for them in the ensuing years. Table I gives the mean scores and standard deviations (SD) or percentages (in case of dichotomous measures) on the measures included in the study. The percentage of patients with a value below the target for HbA1c, cholesterol, and blood pressure was relatively high (between 63% and 71%). However, 68.4% of all patients had at least one intermediate outcome that was above the target, i.e. diabetes control was not according to guidelines on all aspects.
Measures
Organizational determinants
The included practices had high scores on the organizational determinants, indicating favorable conditions for high-quality diabetes care (see Table I ). Determinants that were implemented on a broad scale included the diabetic clinic, a patient reminder system, and guideline availability. Also, in most practices (89%) a nurse practitioner (NP) was part of the practice team. More possibilities for further implementation were found on collaboration with partners and the familiarity of patients with the complaints procedure. Table II shows that systolic blood pressure levels were lower in practices with a higher determinant sum score (p ϭ 0.017). The additional implementation of one determinant led to a decrease of 0.5 in the systolic blood pressure, with a maximum estimated decrease of six points. No effects were found regarding HbA1c or cholesterol levels.
Impact of composite organizational measure
Impacts of organizational items
Of 36 possibilities (12 items ϫ 3 outcomes) we found three signifi cant effects. HbA1c levels were lower in practices that made more use of their Electronic Patient Registry (EPR, B ϭ Ϫ 0.088, p Ͻ 0.000). HbA1c levels were higher in practices with a diabetic clinic (B ϭ 0.327, p Ͻ 0.000), and practices that wrote an annual report (B ϭ 0.103, p ϭ 0.032). None of the 12 measures was found to have an infl uence on total cholesterol or systolic blood pressure, see Supplementary Appendix 2 available online at http:// informahealthcare.com/doi/abs/10.3109/02813432. 2014.960252.
Comparison highest and lowest quartile practices
Of the 34 measured effects, three effects were signifi cant. Practices that made more use of their EPR (increase of one on a scale of seven) were more likely to score in the highest quartile (OR ϭ 1.8), see Table III . If the amount of nurse education was relatively high (above the median), there was a higher likelihood that the practice performed within the highest quartile on total cholesterol (OR ϭ 2.51).
Regarding the average systolic blood pressure, better availability of patient leafl ets increased the odds (OR ϭ 2.59) that practices comprised part of the " best practices " . 
Discussion
Statement of principal fi ndings
In this study, targeted organizational determinants were broadly implemented in routine primary care. A higher score on the composite measure of healthcare organization was associated with better systolic blood pressure control. Exploration of specifi c organizational factors identifi ed only three signifi cant effects in 36 combinations. Comparison of highest and lowest quartiles yielded similar results (three signifi cant effects out of 34). These results from daily practice suggest that implementation of a combination of organizational determinants (rather than individual organizational items) is crucial for high-quality diabetes care [1, 2, 18] .
Strengths and weaknesses
The current study monitored ongoing care in an average Dutch practice, as opposed to a controlled trial setting where active changes are made to practice management. Most organizational determinants were broadly implemented in routine care, refl ecting a longstanding process of improving diabetes care in the Dutch primary care setting. Perhaps the voluntariness of participation in this study contributed to this fact. Outcomes were similar in the Dutch GIANTT study [17] , in which all diabetic patients from general practices were included. This suggests that the selected patient samples formed an adequate refl ection of the practice population. The relatively well-controlled population and the small amount of variation within the organizational measures decreased the potential impact of organizational items [19] . Although other individual studies have used similar items to operationalize constructs [20] , there were some constructs that were based solely on one dichotomous item, which could have affected the representation of the model.
Findings in relation to other studies
Our observational study showed that, similar to trials, a multifaceted approach to improve the quality of care involving a combination of organizational interventions can be expected to achieve larger effects than single interventions [1, 2] . Ose et al. (2009) found that a practice management program had a positive effect on quality of life outcomes [21] . Coleman et al. (2009) evaluated the effects of implementation of the Chronic Care Model (CCM) and concluded that an integrated approach was positively associated with improvements in organization and outcomes of care [22] . Compared with other studies, effect sizes in our study were moderate, as was their clinical relevance. Nevertheless, the differences between practices with highest and lowest quartile organizational performance were substantial. Further research is required to unravel whether multiple favorable organizational determinants imply additive or multiplicative effects. On average, the outcome measures in our study met the standard levels as described in the diabetes guidelines, but the composite measure for organizational determinants still showed a signifi cant effect regarding blood pressure. This is probably due to the fact that blood pressure offered the largest room for improvement [17, 23, 24] . Regarding the individual organizational determinants we found few and small effects. There was a positive effect of the use of the Electronic Patient Registry (EPR) on diabetes care, which is consistent with the research evidence from the trials [25] . The positive relation between the availability of patient leafl ets and blood pressure has been suggested in other studies as well [26] . Less clear was the unexpected negative association of the availability of a diabetic clinic and an annual report with HbA1c. However, in the Netherlands both features are related to large practices, which in turn have a negative association with quality of care [27, 28] . The data supported this argument as practice size was somewhat larger for practices with an annual report (5279 versus 4526 patients) as well as for practices with a diabetes clinic (5086 versus 3910 patients).
In our study we used the target values as described in the diabetes guidelines at the time of measurement. However, in daily practice, these are infl uenced by patient values and preferences and should not be handled strictly. It is likely that GPs might have deviated from the guidelines when they thought strict treatment was not preferred. For instance, in our dataset the percentage of people with a blood pressure above target was higher for the elderly (70 and above) than the younger population (39% versus 30%).
Conclusion
In line with previous research a combination of determinants of practice organization was more strongly related to meeting the targets on diabetes management than a single determinant [1, 2, 22] . On average the targets for the management of diabetes care as described in the diabetes guidelines were met, but improvement on intermediate diabetes outcomes could still be reached by introducing more structured practice organization.
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